Abstract
Introduction

Proper T cell activation is central to the generation of protective adaptive immunity and in the maintenance of self-tolerance. T cell activation is initiated when the T cell receptor (TCR) encounters major histocompatibility complex (MHC)-specific antigen peptide complexes and co-stimulatory ligands on the surface of an antigen-presenting cell (APC). TCR stimulation delivers the primary signal necessary for the activation of resting T cells. Co-stimulation is crucial in determining antigen-specific T cell activation and tolerance and it provides both positive and negative signals that modulate the intensity, temporal extension and termination of the T cell response to a specific antigenic stimulation
. The best studied co-stimulatory ligands are B7-1 and B7-2, which are highly expressed by activated APC and function through their positive receptor CD28 on resting and activated T cells [2] . An inhibitory co-stimulatory receptor CTLA-4, induced after T cell activation, provides strong negative signals to maintain the appropriate threshold of T cell activation [3] . More [12, 13] . Recent studies indicate that the organized immunological synapse is a multitasking platform performing several functions essential to the determination of TCR sensitivity and responsiveness. The IS enhances TCR engagement and signal transduction through the recruitment, concentration, and juxtaposition of receptors and transducers [12, 14] . CD147 is a 50-60 kD transmembrane glycoprotein that was categorized as a member of the immunoglobulin super-family (IgSF) [15, 16] . CD147 is also known throughout the literature as M6 antigen [17] , basigin [18] , extracellular matrix metalloproteinase inducer and HAb18G independently [16, 19, 20] . Previously functional studies revealed that CD147 is a pleiotropic molecule and plays a very important role in foetal, neuronal and lymphocyte development. In addition, it has been associated with pathological conditions such as heart disease, Alzheimer's disease, stroke, tumour, inflammation and autoimmune disease [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
recently, multiple other co-stimulatory receptor/ligand pairs that integrate into stimulatory or inhibitory activity for T cells have been identified, including inducible T cell co-stimulator (ICOS)/ B7-H2, PD-1/B7-H1, PD-L2/B7-DC, OX40/OX40L, 4-1BB/4-1BBL, CD40/CD154, CD27/CD70 (CD27L), T cell immunoglobulin and mucin protein-1 (Tim-1)/Tim-4 [4-11]. T cell activation is based on interactions of T cell antigen receptors with MHC-peptide complexes in a specialized cell-cell junction between the T cell and APC. The interactions can induce dramatic T cell polarization and the formation of a specialized
Involvement of HAb18G/CD147 in T cell activation and immunological synapse formation
CD147 was identified as a lymphocyte development and activation-associated antigen [15, 17] . Within 
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Molecular modelling and docking of anti-HAb18G/CD147 mAbs to extracellular portion of HAb18G/CD147
The method of modelling and docking has been described previously [36] . Fig. S1 ). These data Fig. 2A-D Fig. 2A-D [40, 41] (Fig. 3A) or GM1 (Fig. 3B) 
Effects of HAb18G/CD47 mAb 5A12 on CD25 expression and cytokine secretion
CD25 is a well characterized marker for T cell activation. We evaluated the effect of the HAb18G/CD147 mAb 5A12 on CD25 expression on T cell in response to various activation stimuli. Quantitative flow cytometry confirmed that CD25 density on activated T cell population was down-regulated by the ligation of HAb18G/CD147 with mAb 5A12 (Fig. 5A). We further analysed whether mAb 5A12 affects the secretion of IL-2, IL-4 and IFN-␥. As shown in Fig. 5B-D, the production of IFN-␥ from T cell culture supernatants was significantly up-regulated by the ligation of HAb18G/CD147 with mAb 5A12 upon TCR/CD3 stimulation and CD3/CD28 co-stimulation in comparison to that of other
Fig. 2 HAb18G/CD147 accumulates to the cap and lipid rafts in T cells upon TCR stimulation confirmed by confocal microscopy and Western blot. (A, B, C, D) HAb18G/CD147 co-caps with CD4/CD8/CD48/GM1. T cells were prepared and stained as described previously in 'Materials and methods'. HAb18G/CD147, TCR co-receptor CD4 and CD8, lipid raft marker CD48 and GM1 diffusely distribute on the cell membrane of resting T cells (upper panel of
), whereas stimulation results in translocation of these molecules to the cap induced by TCR/CD3 (lower panel of
), scale bar, 5 m. (E) HAb18G/CD147 is recruited to lipid rafts upon T cell activation. Lipid rafts were isolated as described previously in 'Materials and methods'. Sucrose fractions were analysed by Western blot with HAb18, anti-Fyn and anti-Rab5 antibodies. Detergent-insoluble membrane fractions containing isolated rafts were identified by the presence of the raft marker protein Fyn. Non-raft components of the membrane (e.g. Rab5) were purified in the heavy fraction (HF). HAb18G/CD147 appeared constitutively in the HF (7-9) with the non-raft marker Rab5 in resting T cells, a significant fraction of HAb18G/CD147 was localized within raft fractions (1-4) after T cell activation.
HAb18G/CD147 mAbs and isotype-matched control mAb, whereas the levels of IL-2 and IL-4 were decreased. These findings suggest that the influence of cross-linking HAb18G/CD47 with mAb 5A12 on T cell activation is related to the changes of cytokine secretion pattern, indicating that HAb18G/CD147 may play a unique role in T cell immune response.
Ligation HAb18G/CD147 with mAb 5A12 interferes with formation of the IS
Disturbance of the structural integrity of IS inhibits T cell activation
Fig. 4 Influence of HAb18G/CD147 mAbs on T cell proliferation. Proliferation was determined on day 4 following stimulation as described in 'Materials and methods'. This figure shows the [ 3 H]-thymidine incorporation in c.p.m. (mean Ϯ S.D. of triplicated wells
HAb18G/CD147 affects protein tyrosine phosphorylation upon CD3/TCR stimulation
To further explore the role of HAb18G/CD147 in the T cell activation signalling pathway, the influence of mAb 5A12 on CD3-induced tyrosine phosphorylation was examined (Fig. 7B) .
CD3/CD28 co-stimulation resulted in a strong tyrosine phosphorylation of proteins in the zone of 45 to 130 kD band(s). Phosphorylation of the band(s) around the zone of 45 to 130 kD induced by CD3/CD28 ligation was partly inhibited in the presence of mAb 5A12 in comparison to isotype-matched control mAb. The presence of mAb 5A12 also partially inhibited CD3-induced tyrosine phosphorylation in comparison to isotype-matched control mAb. The ligation of HAb18G/CD147 with mAb 5A12 alone did not induce significant changes in protein tyrosine phosphorylation.
mAb 5A12 is specifically docked to N-terminal domain I of HAb18G/CD147
The sequences of the heavy chain Fd fragment and light chain of HAb18, 5A12 and 6H8 were cloned and analysed (Fig. S2) [43, 44] . [40, 44] 
Triggering TCR results in T cell reorganization of the related plasma membrane signal molecules in a concerted fashion, leads to the formation of a well-structured lipid rafts known as IS between the T cell and the APC during the initial period of activation. Immunological synapse is proposed to function as platform for signal transduction and cytoskeletal reorganization, as a consequence, perturbation of the structural integrity of IS inhibits TCR-induced T cell activation
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